We present an interactive web tool for preprocessing microarray gene expression data. It analyses the data, suggests the most appropriate transformations and proceeds with them after user agreement. The normal preprocessing steps include scale transformations, management of missing values, replicate handling, flat pattern filtering and pattern standardization and they are required before performing any pattern analysis. The processed data set can be sent to other pattern analysis tools. Availability: The web interface is accessible through http: //bioinfo.cnio.es/cgi-bin/tools/dnarray/preprocess Contact: jdopazo@cnio.es
INTRODUCTION
The software presented here is a Perl CGI script which performs the most common functions for microarray data preprocessing as log-transformation, gene replicate handling, management of missing values, flat pattern filtering and pattern standardization. It also acts as a main gate to the gene expression pattern analysis tools since it allows sending the result to them. As a novelty, the system includes a Pre-Analyse module which helps the user to decide which transformations are the most appropriate ones.
MOTIVATION
DNA array technologies (Schena et al., 1995) open up the possibility of monitoring the expression level of thousands of genes in parallel. Usually, the experimental design includes several conditions corresponding to different samples, different times or different doses of a certain drug. Gene expression pattern dataset are then huge tables with thousands of rows corresponding to the genes or clones present in the DNA array and several columns, one for each experimental condition measured. A common choice for the preprocessing of gene expression patterns is to use a spreadsheet but even the simplest calculations could be unapproachable in a small workstation because of the amount of memory required. The size of the dataset * To whom correspondence should be addressed.
impedes the use of visual analysis to estimate the amount of missing values, to check if any gene has too many missing values or to look for replicated genes in the DNA array. On the other hand, performing these operations in a web server allows to take advantage of the server capabilities and guarantees the use of the latest version of the software. Finally, the use of a common interface for parsing the input avoids possible problems derived from particular file formats and results in a clean and standard file for continuing the analysis with other tools.
PRE-ANALYSIS
The most interesting feature of this interface is its Pre-Analysis module. It performs several checks and plots different histograms to help and to guide the user through the options. It automatically selects or unselects different options and gives useful information to the user.
The server accepts as input flat files with ratios of expression in tab-separated format. It starts by checking if all the gene expression patterns have the same number of conditions and a valid identifier. It corrects them otherwise by adjusting the number of elements in each row and adding a unique identifier when necessary. It also keeps a list of symbols interpreted as missing values. Then, it looks for replicated gene IDs in the dataset and substitutes them by their average pattern. The server prints this information as well as the number of gene expression patterns and experimental conditions found. A warning message is displayed if there are more conditions than patterns, as could happen if the data matrix is transposed. Then the server obtains the number of missing values for this dataset and suggests the best imputation method among the available ones. The histogram of values is calculated and the server looks for negative values. If none is found, it assumes the user did not log-transform the dataset. Then it log-transforms the data internally to continue with the analysis. The server displays a warning message, auto-selects the option for log-transforming the dataset and plots the new histogram of log-transformed values.
Finally the server calculates several histograms corresponding to the available flat pattern filters: the user obtains the histogram of number of remaining patterns after peak filtering versus the threshold used for defining peaks and the histograms of root mean square (RMS) and standard deviation (stddev) of the gene expression patterns. The histogram of stddev will also inform the user if the patterns are already standardized or not.
It is important to emphasize that the Pre-Analysis module does not change the original file: the user can ignore the recommendations simply by unselecting the corresponding options.
PREPROCESSING
After the checks performed by the Pre-Analysis module, the real data processing starts. The list of available preprocessing functions includes: (1) log-transformation, (2) replicate handling, (3) missing value management, (4) flat pattern filtering and (5) patterns standardization.
Since ratios are asymmetrical, log-transformation is currently performed on the dataset. The user can choose the preferred base for log-transforming the dataset.
Replicate handling includes a first step for removing inconsistent replicates and a second one for merging the remaining ones.
Next steps are related to missing values: patterns with too many unknown ratios can be deleted and there are different options for imputing remaining ones. The excess of missing values can be a problem for standard hierarchical clustering methods where all the calculations are based on a distance matrix. If two patterns have not enough points in common, the distance between them will be undefined and the clustering will fail. Moreover, other methods like principal component analysis cannot deal with missing values. Using imputation for these values can bypass these problems but it could be still necessary to remove beforehand some patterns if there are not enough data (Troyanskaya et al., 2001) . Currently available imputation methods include filling missing values with zeros, pattern average, pattern median, and KNN imputation (Troyanskaya et al., 2001) .
Next the server suggests different flat pattern filtering methods commonly used for gene expression patterns: by minimum number of peaks, by RMS and by stddev.
Finally, there is an option for standardizing the patterns: it subtracts the pattern average and divides the values by the stddev.
An extra filter allows the user to keep only genes present in an additional list. This filter can be applied if the user wants to concentrate in a particular family of genes, or apply the filtering steps from a different dataset. For example, it is possible to apply several filtering criteria to a subset of the experimental conditions and use the result to filter the original dataset.
Every step applied to the dataset adds a comment line at the beginning of the file with the date and the function applied. At the end, the user can download processed data in several file formats. The files can be directly sent to our web analysis tools (http://bioinfo. cnio.es/dnarray/analysis): a scatter-plot representation, an interface for several hierarchical clustering algorithms (Sneath and Sokal, 1973) , one for Self-Organizing Maps (Kohonen, 1997) , one for SomTree (Herrero and Dopazo, 2002) , one for Self-Organizing Tree Algorithm (Dopazo and Carazo, 1997; Herrero et al., 2001) and another one for FatiGO (Al-Shahrour et al., in preparation) , a datamining tool based on GeneOntology (GO, Ashburner et al. 2000) . Additionally, the processed data can be sent to the EPclust (http://ep.ebi.ac.uk/EP/EPCLUST/; Brazma and Vilo, 2000) programs at the European Bioinformatics Institute.
